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PREFACE 


This  Sampling  and  Analysis  Plan  (SAP)  has  been  prepared  and  submitted  to 
the  Solid  and  Hazardous  Waste  Management  Bureau  of  the  Montana  Department 
of  Health  and  Environmental  Sciences  (MDHES).  This  SAP  will  direct  field 
data  collection  activities,  literature  reviews,  and  data  reporting  in 
conjunction  with  the  site-wide  public  health  and  environmental  assessment 
(PHEA)  for  the  Silver  Bow  Creek  CERCLA  site. 

This  document  consists  of  two  parts.  Part  I is  the  Quality  Assurance 
Project  Plan  (QAPP)  and  Part  II  is  the  Field  Sampling  Plan  (FSP).  The  QAPP 
describes  the  policy,  organization,  functional  activities,  and  quality 
assurance  and  quality  control  protocols  necessary  to  achieve  Data  Quality 
Objectives  (DQO’s)  for  the  site-wide  PHEA.  The  FSP  provides  guidance  for 
all  fieldwork  to  be  completed  during  the  project  by  defining  in  detail, 
sampling  and  data-gathering  methods  to  be  used. 

These  documents  are  consistent  with  established  EPA  QA/QC  programs,  EPA 
approved  methods  and  procedures  (where  applicable),  and  the  current 
standards  of  practice  for  the  Superfund  program  (EPA,  1988;  EPA,  1987). 


1.0  INTRODUCTION  AND  SITE  BACKGROUND 


1.1  INTRODUCTION 

Environmental  Protection  Agency  (EPA)  policy  requires  all  Remedial 
Investigation/Feasibility  Studies  (RI/FS)  activities  to  be  under  the 
control  of  a centrally  managed,  quality  assurance  (QA)  program.  This 
requirement  applies  to  all  environmental  monitoring  and  measurement  efforts 
mandated  or  supported  by  the  EPA. 

CH2M  HILL  has  the  responsibility  to  implement  procedures  that  assure  that 
the  precision,  accuracy,  completeness,  representativeness,  and 
comparability  of  data  collected  under  their  direction  are  known  and 
documented.  This  QAPP  has  been  prepared  to  ensure  that  this  responsibility 
is  met  uniformly  in  performing  support  activities  for  the  Silver  Bow  Creek 
CERCLA  site-wide  PHEA. 

QAPPs  present,  in  specific  terms,  the  policies,  organization,  objectives, 
functional  activities,  and  specific  QA  and  quality  control  (QC)  activities 
designed  to  achieve  the  data  quality  goals  of  the  specific  project.  This 
QAPP  was  prepared  using  EPA  guidelines  (EPA,  1980;  Hillman  et  al . ; and  EPA, 
1988).  This  QAPP  addresses  soil  screening  and  sampling,  groundwater 
sampling  and  literature  review  work  tasks. 

1.2  SITE  BACKGROUND 

In  1983,  the  Environmental  Protection  Agency  (EPA)  placed  SBC  and 
contiguous  portions  of  the  upper  Clark  Fork  River  on  the  National 
Priorities  List  (NPL).  Designating  SBC  as  a Superfund  site  enabled 
spending  of  funds  from  the  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  (CERCLA)  of  1980  to  investigate  and 
remediate  the  problems  at  the  site.  The  Solid  and  Hazardous  Waste  Bureau 
(SHWB)  of  Montana  Department  of  Health  and  Environmental  Sciences  (MDHES) 
administers  this  project  through  a cooperative  agreement  with  EPA. 
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A Remedial  Investigation  (RI)  of  the  area  began  in  1984.  The  purpose  of 
this  initial  RI  was  to  define  the  general  scope  and  nature  of  the 
contaminant  problem.  Field  work  for  this  initial  RI  was  conducted  between 
November  1984  and  January  1986.  The  draft  RI,  comprised  of  a series  of 
technical  reports,  was  completed  in  stages  in  1986.  The  final  version  of 
all  reports  was  submitted  to  MDHES  in  the  summer  of  1987  (MultiTech,  1986 
and  1987). 

The  Feasibility  Study  (FS)  for  the  SBC  site  began  in  February  1986.  One  of 
the  initial  tasks  for  the  FS  was  to  prepare  a site-wide  public  health  and 
environmental  assessment  (PHEA).  Once  this  task  began,  it  became  obvious 
that  the  existing  RI  data  were  not  adequate  to  prepare  a PHEA  that  would 
meet  EPA  guidelines.  Guidelines  include  the  Superfund  Public  Health 
Evaluation  Manual  (EPA  1986)  and  methodologies  published  in  the  Federal 
Register  (EPA  1986a,  1986b).  Preparation  of  the  PHEA  was  suspended,  the 
Task  Order  with  MDHES  was  modified,  and  identification  of  additional  data 
needs  was  begun. 

A draft  technical  memorandum  was  prepared  November  1986  identifying 
additional  data  needed  for  completion  of  a site-wide  PHEA.  This  memorandum 
identified  data  needs  by  media.  The  rationale  for  obtaining  the  additional 
data  and  the  general  location  for  additional  data  were  identified  by  a 
series  of  graphics  showing  population  areas,  tailings  locations,  wind 
direction,  previous  sample  locations,  etc.  Project  efforts  were  then 
concentrated  in  a different  direction  and  the  PHEA  was  put  on  hold. 

Since  the  draft  technical  memorandum  on  data  needs  for  the  PHEA  was 
completed  (CH2M  HILL,  1986),  additional  data  have  been  collected  in  the 
form  of  the  supplemental  RI  and  completion  of  the  initial  RI.  This 
necessitated  a review  of  the  data  requirements  for  the  PHEA,  in  the  event 
that  these  data  requirements  had  been  met.  After  this  review,  a revised 
list  of  data  requirements  was  developed.  The  revised  data  requirements 
were  discussed  on  November  3,  1987,  with  both  State  and  Federal  agency 
personnel.  A consensus  was  reached  as  to  what  additional  data  was  required 
for  a preliminary  site-wide  PHEA.  Additional  data  needs  were  documented  in 
Technical  Memorandum  II  (CH2M  HILL,  1987).  This  Sampling  and  Analysis 
Plan/Field  Sampling  Plan  covers  these  additional  data  needs. 
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2.0  PROJECT  DESCRIPTION 


Work  elements  covered  in  this  QAPP  are  being  performed  in  conjunction  with 
and  in  support  of  the  site-wide  public  health  and  environmental  assessment 
for  the  Silver  Bow  Creek  CERCLA  site  (Figure  2-1).  General  work  elements 
to  be  completed  include: 

o X-ray  fluorescence  (XRF)  screening  of  soils  in  residential  areas 
near  the  towns  of  Rocker  and  Ramsay  and  surrounding  areas;  obtain 
soils  samples  from  areas  near  both  towns. 

o Evaluate  adequacy  of  existing  groundwater  quality  data  for 

characterizing  a full  suite  of  metals  parameters  potentially 
present  in  the  Silver  Bow  Creek  alluvial  system;  obtain  samples 
from  monitoring  wells  at  key  locations  along  Silver  Bow  Creek  for 
analysis  of  full  suite  of  metals  parameters  if  existing  data  are 
determined  to  be  inadequate. 

o Perform  literature  review  to  determine  concentrations  of 

inorganic  parameters  in  surface  water,  groundwater,  and  soils  at 
sites  which  are  geologically  similar  to  the  Silver  Bow  Creek  site 
yet  which  are  relatively  undisturbed  by  man’s  activities. 

o Prepare  draft  and  final  versions  of  a data  summary  report. 

This  QAPP  has  been  prepared  to  direct  the  overall  quality  assurance/quality 
control  (QA/QC)  for  each  of  the  above  work  elements.  Further  detail  and 
refinement  of  individual  work  tasks  are  provided  in  the  project  FSP. 
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Silver  Bow  Creek  CERCLA  Site 
Public  Health  and  Environmental  Assessment  Data  Collection 
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SITE  MAP  FIGURE  2-1 


3.0  DATA  QUALITY  OBJECTIVES 


The  need  for  additional  data  to  support  the  site-wide  PHEA  for  the  Silver 
Bow  Creek  CERCLA  Site  are  presented  in  Technical  Memorandum  II  (CH2M  HILL, 
1987).  Data  Quality  Objectives  (DQOs)  of  each  data  set  are  summarized 
below: 


3.1  SOIL  SCREENING  AND  SAMPLING 

The  two  residential  areas  of  Rocker  and  Ramsay  were  chosen  for  soil 
screening  and  sampling  because  of  the  possible  presence  of  wind  blown 
tailings  and  contaminated  materials.  Initial  soils  screening  will  be 
conducted  using  portable  X-ray  fluorescence  (XRF)  equipment  to  detect  "hot" 
spots  or  areas  of  differential  readings.  Screening  data  will  then  be  used 
to  select  a range  of  contaminant  concentrations  for  subsequent  soil  sample 
collection.  Results  of  laboratory  soil  metal  analyses  will  be  used  to 
back-cal ibrate  XRF  screening  data. 

Results  of  the  initial  soils  screening  and  sampling  are  intended  to  provide 
order  of  magnitude  data  for  the  public  health  and  environmental  assessment. 
XRF  screening  of  the  two  identified  residential  areas  will  provide 
immediate,  qualitative  data  on  potential  "hot"  spots  and  also  be  cost 
effective.  XRF  data  will  be  used  to  guide  the  selection  of  soil  sampling 
sites,  thus  providing  the  most  information  possible  at  the  site  with  a 
limited  number  of  samples.  Data  quality  at  analytical  level  II  (USEPA. 
1987)  is  considered  appropriate  for  the  site  screening  (XRF  survey) 
activity.  Table  3-1  summarizes  data  needs  and  analytical  levels  required 
for  each  data  set. 

Samples  will  be  collected  at  "hot"  spots  identified  by  the  XRF  screening 
and  at  locations  which  indicate  a range  of  metals  concentrations.  This 
will  provide  a range  of  laboratory  values  with  which  to  calibrate  the  XRF 
screening  data.  Laboratory  analysis  data  on  collected  soil  samples  will  be 
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TABLE  3-1 

DATA  NEEDS  AND  ANALYTICAL  LEVELS  SUMMARY 


DATA  NEEDS 

DATA  USES 

ANALYTICAL 

LEVEL 

TYPE  OF  ANALYSIS 

XRF  Soil  Determinations 

Site  characterization 
Range  of  contamination 
Hot  spot  determination 

II 

Descriptive,  field  instrument 

Soil  Samples 


Risk  assessment 


IV  Inorganics  by  AA,  I CP 

Low  ppb  detection  limit 


Groundwater  Samples 


Risk  assessment 


IV 


Inorganics  by  AA,  I CP 
Low  ppb  detection  limit 


used  in  a risk  assessment  of  the  areas  sampled.  This  data  will  require  a 
higher  level  of  certainty,  and  data  quality  at  Level  IV  (USEPA,  1987)  is 
appropriate  for  this  data  (Table  3-1).  If  soil  metals  concentrations  at 
the  site  indicate  levels  of  contamination  below  established  action  levels, 
no  additional  sampling  will  be  necessary.  If  metals  levels  are  above 
action  levels,  additional  sampling  will  likely  be  necessary  at  the  site. 
Review  of  analytical  data  available  on  the  Silver  Bow  Creek  (CERCLA)  Site 
(MultiTech,  1987)  indicates  that  concentrations  of  metal  parameters  in  soil 
located  above  the  Silver  Bow  Creek  floodplain  are  generally  several  times 
higher  than  the  approximate  detection  limits  of  the  Contract  Laboratory 
Program  (CLP)  for  total  metals  in  soils  (Table  3-2).  The  areas  sampled 
previously  are  located  in  a similar  geologic  setting  as  the  Rocker  and 
Ramsay  Areas.  The  use  of  the  CLP-Routine  Analytical  Service  (RAS)  for 
total  metals  determinations  in  soils  will  therefore  likely  provide  data 
with  adequate  resolution  to  perform  the  Sitewide  PHEA. 

Method  references  for  analytical  procedures  are  provided  in  Table  3-3. 
Grain  size  data  for  soil  samples  will  be  determined  by  sieve  analyses  to 
aid  in  determining  air  entrainment  potential  of  soil  particles.  Soil  grain 
size  determinations  will  be  performed  by  a soils  testing  laboratory 
qualified  under  ASTM  D3740-80  (Standard  Practice  for  Evaluation  of  Agencies 
Engaged  in  the  Testing  and/or  Inspection  of  Soil  and  Rock  as  used  in 
Engineering  Design  and  Construction). 


3.2  GROUNDWATER  DATA  REVIEW 

Existing  groundwater  data  will  be  reviewed  for  data  containing  analyses  of 
a full  suite  of  metals  parameters.  A full  suite  of  metals  parameters 
consists  of  the  23  metals  analyzed  in  the  dissolved  metals  analysis 
detailed  in  EPA  SOW  No.  787  (Table  3-2).  This  full  suite  of  analyses  are 
needed  to  evaluate  interactions  of  metals  within  the  Silver  Bow  Creek 
alluvial  system.  Existing  data  can  be  used  if  they  are  determined  to 
contain  this  suite  of  parameters.  If  existing  data  do  not  contain  a full 
suite  of  parameters,  additional  samples  will  be  taken  from  four  existing 
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TABLE  3-2 

CLP  TOTAL  METALS  PARAMETER  LIST  AND  REQUIRED  DETECTION  LIMITS 


Contract  Required  Detection  Limits  (ug/1) 


Water  and 

Soil 

Soils 

Digestants 

(Approximate) 

Metal 

ysZl 

Mq/Kq 

A1 

200 

40 

Sb 

60 

12 

As 

10 

2 

Ba 

200 

40 

Be 

5 

1 

Cd 

5 

1 

Ca 

5000 

1000 

Cr 

10 

2 

Co 

50 

10 

Cu 

25 

5 

Fe 

100 

20 

Pb 

5 

1 

Mg 

5000 

1000 

Mn 

15 

3 

Hg 

0.2 

0.04 

Ni 

40 

8 

K 

5000 

1000 

Se 

5 

1 

Ag 

10 

2 

Na 

5000 

1000 

Ti 

10 

2 

V 

50 

10 

Zn 

20 

4 

*Based  on  one  gram  of  soil  digested  to  200  ml  of  digestant.  Actual 
detection  limits  for  soils  will  vary  with  quantity  of  soil  digested 
(1  to  1.5g)  and  soil  moisture  content. 
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Parameters  and  Analytical  Methods  for  6roundwater  and  Soils  --  Public  Health  and  Environmental  Assessment  Data  Collection;  Silver  Bow  Creek 
CERCLA  Site. 
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monitoring  wells  at  and  upgradient  of  Miles  Crossing  (Figure  3-1)  completed 
in  the  shallow  alluvial  aquifers.  The  distinction  of  sampling  locations 
upstream  of  Miles  Crossing  is  because  alluvial  groundwater  above  Miles 
Crossing  contains  measurable  concentrations  of  several  metals  contaminants 
(MultiTech,  1987). 

Groundwater  analytical  data  is  to  be  used  in  a risk  assessment  for  the 
site.  Data  quality  at  analytical  level  IV  (USEPA,  1987)  is  considered 
appropriate  for  these  data.  Table  3-1  contains  analytical  levels 
considered  appropriate  for  the  groundwater  data  set  and  which  are  below 
maximum  contaminant  levels  (MCLs)  established  by  the  EPA,  where 
appropriate.  The  CLP  will  be  used  for  all  chemical  analyses  to  produce 
data  at  this  level  of  quality. 

Table  3-2  contains  parameters  and  detection  limits  for  groundwater  samples, 
and  Table  3-3  summarizes  analytical  methods  for  groundwater  samples.  Table 
3-4  summarizes  field  measurements  and  observations  to  be  taken  during  data 
and  sample  collection. 
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MONITORING  WELL  LOCATIONS  FIGURE  3-1 


Table  3-4.  Summary  of  Analytical  Parameters,  Field  Measurements  and 
Field  Observations  for  the  Silver  Bow  Creek  CERCLA  - Public 
Health  and  Environmental  Assessment  Data  Collection. 


GROUNDWATER 

SOILS/SEDIMENT 

Field 

Measurements 

Static  Water  Level 
Temperature 
pH 
SC 
DO 
Eh 

Metals  (XRF) 

Index  Readings 
(Computer  uploading  of 
complete  scan  data) 

Mn 

Fe 

Cu 

Zn 

As 

Pb 

Ni 

Field 

Observations 

Date 

Date 

Time 

Time 

Sampling  Crew 

Sampling  Crew 

Weather  Conditions 

Weather  Conditions 

Site  Description 

Site  Description 

Sample  Inventory 

Sample  Inventory 

Others  as  described  in 
the  project  FSP 
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4.0  PROJECT  ORGANIZATION  AND  RESPONSIBILITY 


Figure  4-1  illustrates  the  project  organization  and  line  of  authority  for 
the  project.  Project  quality  rests  with  every  person  involved;  however, 
primary  responsibility  for  project  quality  rests  with  the  Site  Project 
Manager  (SPM)  and  the  Remedial  Project  Manager  (RPM).  Additional  quality 
assurance  is  provided  as  identified  in  Figure  4-1. 

Where  quality  assurance  problems  or  deficiencies  requiring  special  action 
are  uncovered,  the  SPM  will  consult  the  various  QA  personnel  in  order  to 
identify  the  appropriate  corrective  action(s).  The  SPM  will  then  be 
responsible  for  implementing  correction  action(s). 
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FIGURE  4-1 

QA/QC  PROJECT  ORGANIZATION 

QAPP 

Silver  Bow  Creek 

Public  Health  and  Environmental  Assessment  Data  Collection 


5.0  DOCUMENT  CONTROL 


Document  control  requirements  have  been  established  in  order  to  ensure: 

o Documents  are  distributed  and  released  in  accordance  with  EPA 
pol icy 

o Documents  are  kept  secure,  under  custody  where  necessary,  without 
unauthorized  reproduction  and/or  alteration 

o Document  holders  are  known 

Document  control  requirements  have  been  divided  into  two  categories: 
tracking  and  distribution. 


5.1  TRACKING 

Document  tracking  will  conform  to  the  requirements  of  QAMS-005/80  (EPA, 
1980).  Although  QAMS-005/80  designates  tracking  procedures  for  QAPP’s 
only,  the  intent  of  these  procedures  will  be  followed  for  all  project 
del iverables. 

Project  files  will  be  maintained  in  accordance  with  Document  Control 
Procedures,  Denver  Remedial  Planning  Center  (Appendix  A). 

The  essentials  of  document  numbering  (for  deliverables  developed  during 
this  project)  are  demonstrated  via  this  QAPP.  This  QAPP  contains  a 

document  control  number: 

SBC-SAP[QAPP] -PHEA-F-R0-031787 

where:  SBC  = Silver  Bow  Creek 

SAP[QAPP]  = document  identification 
PHEA  = Project 
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F = status  as  final 
RO  = no  revision  (revision  zero) 

031787  = issue  date 

Copy  number  is  also  designated,  and  the  document  distribution  along  with 
associated  copy  number  is  included.  It  is  therefore  possible  to  know  the 
status  of  this  document  and  to  contact  all  holders  should  revisions  be 
necessary. 


5.2  DISTRIBUTION 

Close  control  of  document  distribution  and  release  will  be  maintained 
throughout  the  project.  For  each  document  produced  during  this  project, 
the  RPM  will  be  consulted  regarding  authorized  release  and  distribution. 
Each  document  will  contain  a listing  of  the  actual  distribution. 

Additional  copying  and  distribution  will  not  be  performed  without  the  RPM’s 
authorization.  All  draft  documents  will  contain  appropriate  warnings  or 
disclaimers  regarding  the  "draft"  status  of  the  document.  In  no  case  will 
any  documents  be  released  to  the  public  without  EPA  approval.  EPA  will,  in 
general,  be  responsible  for  release  of  documents  to  the  public. 

Certain  deliverables  for  this  project  may  be  CERCLA  Enforcement  Sensitive 
or  CERCLA  Enforcement  Confidential.  The  meanings  of  "Enforcement 
Sensitive"  and  "Enforcement  Confidential"  are  discussed  in  Appendix  A.  It 
is  the  SPM’s  responsibility  to  contact  the  RPM  regarding  distribution  and 
classification  of  the  document.  It  is  the  RPM  responsibility  to  designate 
the  classification  as  sensitive  or  confidential  when  necessary. 
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6.0  QUALITY  ASSURANCE  OBJECTIVES 


The  overall  quality  assurance  objective  for  measurement  data  is  to  ensure 
that  data  of  known  and  acceptable  quality  are  provided.  In  order  to  meet 
these  objectives,  the  following  QA/QC  parameters  will  be  addressed  for  all 
data  measurements: 

o Comparability 

o Completeness 

o Representativeness 

o Accuracy 

o Precision 


6.1  COMPARABILITY 

The  objective  of  comparability  assessment  for  the  Silver  Bow  Creek  CERCLA 
PHEA  data  collection  is  to  assure  that  data  developed  during  the 
investigation  are  either  directly  comparable  or  comparable  with  defined 
limitations  to  existing  data.  Existing  data  will  first  be  used  to  aid  in 
planning  this  study  and  will  subsequently  be  used  in  conjunction  with  data 
collected  during  this  study  to  perform  the  Public  Health  and  Environmental 
Assessment  for  the  site.  Hence,  existing  data  will  be  used  for  planning  if 
it  does  not  meet  RI/FS  data  criteria  (EPA,  1988)  and  will  be  included  in 
data  analysis  if  it  does  meet  established  criteria. 

Comparability  is  assessed  during  the  planning  stages  of  the  investigation 
through  the  following  documents: 

o Data  from  the  Phase  I RI  at  the  site  as  reported  by  MultiTech 
(1987). 

o Data  from  Hydrometrics  (1983). 
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Field  Sampling  Plans  (FSP)  --  The  field  sampling  plan  will  detail 
the  methods  used  to  collect  the  natural  samples.  These  methods 
will  be  consistent  with  the  current  standards  of  practice  for 
Superfund  investigations.  In  cases  where  existing  data  have  been 
collected  in  a different  manner  than  that  contained  in  the  FSP, 
the  comparability  of  the  information  will  be  assessed  prior  to 
the  finalization  of  the  FSP. 

Comparability  will  be  assessed  by  comparing  the  following  information  on 
each  data  set: 

o Field  Collection  Methods 

o Field  and  Laboratory  QA/QC  Procedures  (in  accordance  with 

previously  established  protocols) 
o Laboratory  Detection  Limits 

o Matrix 

6.2  COMPLETENESS 

Completeness  will  be  assessed  for  the  site-wide  PHEA  data  support  project 
by  comparing  the  number  of  valid  natural  sample  results  to  the  number  of 
samples  collected  and  to  the  number  of  samples  planned.  The  objective  for 
completeness  is  that  the  investigation  provide  enough  of  the  planned  data 
that  the  objectives  of  the  data  collection  can  be  met.  Completeness  will 
be  calculated  following  data  validation  and  reduction.  For  this  study  a 
completeness  of  90%  is  projected.  If  this  is  not  met  additional  sampling 
will  be  necessary. 

6.3  REPRESENTATIVENESS 

The  objective  in  addressing  representativeness  is  to  assess  whether  the 
information  obtained  during  the  investigation  accurately  represents  the 
actual  site  conditions.  For  the  most  part,  representativeness  is 
determined  during  the  planning  stages  of  the  investigation  and  addressed  in 
the  following  planning  documents: 
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o Draft  Technical  Memorandum,  Environmental  and  Public  Health 

Remedial  Response  Objectives,  Silver  Bow  Creek  CERCLA  Site, 
Butte,  Montana,  May  5,  1986. 

o Technical  Memorandum  II,  Evaluation  of  Data  Needs,  Site-wide 

Public  Health  and  Environmental  Assessment,  Silver  Bow  Creek 
CERCLA  Site,  December,  1987. 

o Field  Sampling  Plan  --  During  the  development  of  the  FSP,  QC 
samples  will  be  designed  into  the  field  sampling  process  to 
provide  information  on  external  and  cross-contamination. 
Excessive  contamination  can  yield  erroneous  results  which  are  not 
representative  of  site  conditions.  The  FSP  also  will  contain 
proper  sample  collection  techniques  (compositing,  packaging, 
etc.)  and  equipment  decontamination  procedures  for  obtaining 
representative  samples. 

Representativeness,  for  these  investigations,  will  be  assessed  following 
implementation  of  data  validation  and  reduction  and  will  be  based  only  on 
validated  and  accepted  data. 


6.4  ACCURACY 

For  the  Silver  Bow  Creek  investigations,  the  only  accuracy  statement  that 
can  be  generated  is  for  the  laboratory.  Generation  of  an  overall  accuracy 
statement  for  collected  field  data  is  not  appropriate  since  field  accuracy 
is  not  a meaningful  concept.  Bias  due  to  external  or  cross-contamination 
of  the  samples  is  addressed  under  representativeness. 

Two  types  of  QC  samples  will  be  used  to  assess  laboratory  accuracy.  The 
following  priority  will  be  followed  with  respect  to  which  sample  results 
are  used  to  generate  accuracy  statements. 
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1.  Blind  Field  Standards  (BFS)  --  These  are  certified  materials  with 
known  parameter  concentrations  produced  by  agencies  such  as  EPA 
and  the  National  Bureau  of  Standards  (NBS).  These  samples  are 
submitted  blind,  along  with  the  natural  samples.  Although  the 
laboratory  can  most  likely  recognize  the  BFS,  they  do  not  know 
which  certified  material  it  is.  Accuracy  statements  can  be 
generated  by  comparing  the  laboratory  results  to  the  mean 
certified  result  and  applying  the  statistical  methods  of  Appendix 
C.  Blind  field  standards  will  be  used  to  evaluate  the  accuracy 
of  the  analyses.  BFS  will  not  be  submitted  for  grain  size 
analyses . 

2.  Laboratory  Natural  Matrix  Spikes  (Pre-spike)  --  These  are  spikes 

prepared  in  the  laboratory  by  splitting  a sample  and  spiking  one 
portion  with  a known  amount  of  the  analyte(s)  of  interest.  The 
spiked  sample  result  and  sample  result  are  compared,  and  the 
amount  of  spike  recovered  is  calculated.  The  spike  recovery  is 
the  measure  of  accuracy.  Natural  matrix  spikes  typically  work 
well  on  homogeneous  samples,  such  as  water;  but  poor  recoveries 
are  possible  for  soil  samples  because  of  the  nonhomogeneous 

nature  of  the  material.  It  is  difficult  to  assess  whether  poor 

natural  spike  recovery  values  are  due  to  preparatory  and 
analytical  error  or  to  the  nonhomogeneous  nature  of  soil  samples. 
Recovery  of  natural  matrix  spikes  will  be  used  to  assess  accuracy 
only  when  blind  field  standards  are  not  available  for  a 

particular  analyte  in  soils.  Grain  size  analyses  are  not 

conducive  to  laboratory  pre-spikes,  and,  hence  these  will  not  be 
used  for  grain  size  analyses. 

Accuracy  statements  will  be  generated  based  on  the  recovery  of  blind  field 
standards  and  spike  recoveries.  In  cases  where  the  frequency  of  the  spikes 
and  blind  field  standards  are  equal,  an  accuracy  statement  based  on  both 
spikes  and  blind  field  standards  will  be  developed. 
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6.5  PRECISION 


A precision  statement  for  the  laboratory  measurements  will  be  developed 
using  the  statistical  methods  of  Appendix  B.  The  laboratory  precision 
statement  will  be  developed  from  the  field  replicate  and  laboratory 
replicate  analysis  (split  samples,  split  extractants/  digestants,  duplicate 
analyses,  etc.).  Since  several  types  of  replicates  can  be  performed  by  the 
laboratory  and  it  is  not  appropriate  to  combine  them,  the  following 
priority  will  be  followed  with  respect  to  which  type  of  laboratory 
replicate  is  used  for  laboratory  precision  statements. 

1.  Laboratory  split  samples  --  These  are  samples  which  are  split  by 
the  laboratory  prior  to  any  digestions  or  extractions.  The 
Statement  of  Work  (SOW)  for  Inorganic  Analysis  (SOW  No.  787)  for 
the  USEPA  Contract  Laboratory  Program  specifies  when  splits  will 
be  performed.  Laboratory  split  samples  will  be  analyzed  for 
grain  size  analysis  at  a frequency  of  at  least  one  in  20. 

2.  Laboratory  split  digestants/extractants  --  These  are  samples 

which  have  been  digested/extracted,  then  split  by  the  laboratory. 
For  homogeneous  samples,  such  as  filtered,  acidified  waters, 
there  is  little  difference  between  a laboratory  split  sample  and 
a split  digestant.  Presumably  the  digestants  are  split  and 
labeled  in  a manner  so  that  they  are  submitted  blind  to  the 
analyst.  These  sample  types  are  not  conducive  to  analysis  of 
grain  size  and  hence,  will  not  be  completed  to  evaluate  grain 
size. 

3.  Laboratory  Duplicate  Analyses  --  These  are  single  sample 

digestants/extractants  which  are  simply  analyzed  twice. 

Laboratory  duplicate  analyses  should  not  be  used  for  developing  a 
laboratory  precision  statement. 
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An  overall  precision  statement  for  the  project  will  be  developed  using  the 
field  replicates  and  the  laboratory  replicates.  The  laboratory  replicates 
and  field  replicates  will  be  given  equal  weight  when  developing  the  overall 
precision  statement.  In  cases  where  the  laboratory  replicates  and  field 
replicates  have  been  performed  at  the  same  frequency,  no  corrections  will 
be  necessary  to  achieve  equal  weight.  In  cases  where  the  frequencies  for 
the  laboratory  and  field  replicates  are  different  and,  therefore,  the  total 
number  of  each  type  of  replicate  is  different,  the  replicate  data  must  be 
normalized  to  achieve  equal  weight. 

Precision  statements  will  be  developed  using  the  methods  in  Appendix  C. 

6.6  QUALITY  ASSURANCE  TARGETS  AND  SAMPLES 

Targets  for  precision  and  accuracy  for  laboratory  analyses  of  chemical 
contaminant  concentrations  are  established  for  the  CLP  program.  Target 
levels  and  corrective  actions  for  each  type  of  quality  control  sample  are 
contained  in  SOW-787  (USEPA,  no  date).  The  following  field  quality  control 
sample  frequencies  have  been  established: 

o Blind  field  replicate  samples  will  be  inserted  into  the  sample 
train  at  a minimum  frequency  of  1 in  20  for  soils  and  1 in  20  or 
one  per  day  per  sampling  crew  for  water  (minimum  of  2 each  for 
soils  and  waters) . 

o Blind  field  standard  samples  will  be  inserted  into  the  sample 
train  at  a minimum  frequency  of  1 in  20  for  soils  and  1 in  20  or 
one  per  day  per  sampling  crew  for  water  (minimum  of  2 each  for 
soils  and  waters) . 

o Cross  contamination  blanks  will  be  inserted  into  the  sample  train 
at  a minimum  frequency  of  1 in  20  for  soils  and  1 in  20  or  one 
per  day  per  sampling  crew  for  water. 
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o Field  bottle  blanks  will  be  inserted  into  the  sample  train  at  a 
minimum  frequency  of  1 in  20  for  soils  and  1 in  20  or  one  per  day 
per  sampling  crew  for  water. 

Whichever  approach  (target  or  minimum  frequency)  yields  the  greatest  number 
of  QC  samples  will  be  used. 

Not  all  analytical  parameters  are  amenable  to  precision  and  accuracy 
calculation.  Examples  include:  all  preparation  methods  (replicate 

analysis  and  spiking  are  not  meaningful  given  natural  soil  variability); 
and  field  pH.  For  these  and  other  parameters,  accuracy  and/or  precision 
statements  (based  on  QC  sample  analysis)  are  not  possible  or  cannot  be 
established  for  this  specific  project.  In  such  cases,  either: 

o Method  specific  precision  and  accuracy  must  be  relied  upon  (i.e., 
American  Society  for  Testing  and  Materials  (ASTM)  cited  precision 
and  bias  statements) 

o Engineering  and  scientific  judgment  will  determine  the  precision 
and  accuracy 

o No  precision  and  accuracy  statements  are  possible 

All  parameters  wherein  meaningful  QC  samples  will  produce  meaningful 
precision  and  accuracy  statements  will  have  appropriate  QC  samples. 
Methods  to  be  used  for  calculating  precision  and  accuracy  are  described  in 
Appendix  C. 
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7.0  SAMPLING  PROCEDURES  AND  FIELD  MEASUREMENTS 


The  objectives  of  sampling  procedures  and  field  measurements  are  to  obtain 
samples  and  measurements  that  are  representative  and  comparable.  Trace 
levels  of  contaminants  from  external  sources  must  be  eliminated  through  the 
use  of  experienced  field  personnel,  good  sampling  techniques,  proper 
sampling  equipment,  and  adequate  decontamination. 

Field  measurements  and  sampling  will  be  performed  in  accordance  with  EPA 
accepted  procedures.  Source  materials  for  developing  procedures  may  be 
chosen  from,  but  need  not  be  limited  to: 

o Handbook  for  Sampling  and  Sample  Preservation  of  Water  and 

Wastewater  (EPA  600/4-82-029) 

o Methods  for  Chemical  Analysis  of  Water  and  Wastes 

(EPA- 600/4- 79 -020,  Revised  March  1983) 

o Standard  Methods  for  the  Examination  of  Water  and  Wastes, 

American  Public  Health  Association  (1985). 

o Field  and  Laboratory  Methods  Applicable  to  Overburdens  and 

Minesoils  (EPA  600/2-78-054) 

o Test  Methods  for  Evaluating  Solid  Wastes  (EPA  SW  846-1980) 

o User’s  Guide  to  the  EPA  Contract  Laboratory  Program 

o EPA  Technical  Monographs 

15:  Purposes  and  Objectives  of  Sampling 
17:  Soil  and  Sediment  Sampling  Methods 
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19:  Methods  of  Collecting  Concentrated  (Hazardous)  Samples 


22:  Sample  Handling,  Packaging,  and  Shipping  Procedures 

Details  of  field  measurements  and  sampling  procedures  are  described  in  the 
FSP.  Wherein  standard  operating  procedures  (SOPs)  are  available  and  are 
appropriate  for  this  project,  they  are  referenced  and  appended  to  the  FSP. 

Details  to  be  provided  in  the  FSP  will  include  (EPA,  1988): 

o Description  of  techniques  or  guidelines  used  to  select  sampling 
sites,  plus  maps  or  tables  showing  sampling  sites 

o Inclusion  of  specific  sampling  procedures  to  be  used 

o Charts,  flow  diagrams,  or  tables  delineating  sampling  program 
operations 

o A description  of  containers,  source  of  containers,  procedures, 

reagents,  source  of  reagents,  etc.,  used  for  sample  collection, 
preservation,  transport,  and  storage 

o Special  conditions  for  the  preparation  of  sampling  equipment  and 
containers  to  avoid  sample  contamination  (e.g.,  containers  for 
organics  should  be  solvent-rinsed;  containers  for  trace  metals 
should  be  acid-rinsed),  and  specific  decontamination  procedures 

o Sample  preservation  methods  and  holding  times 

o Time  considerations  for  shipping  samples  promptly  to  the 

laboratory 

o Forms,  notebooks,  and  procedures  to  be  used  to  record  sample 
history,  sampling  conditions  and  analyses  to  be  performed 
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The  following  field  measurements  will  be  performed  during  support 
activities  for  the  site-wide  PHEA: 

o Groundwaters 

DO 
pH 
Eh 
SC 

Temperature 
Static  Water  Level 

o Soils 


XRF  Index  Values  for  Mn,  Fe,  Cu,  Zn,  As,  Pb,  Ni 

Each  field  measurement  will  have  a protocol  included  in  the  FSPs.  The 
protocols  include: 

o Standard  Operation  Procedures 

o Calibration  methods  and  frequency 

o Standardization  procedures 

The  following  field  observations  will  be  performed  during  the  XRF  Soil 
Screening  Study: 

o Soils 

Date 

Time 

Sampling  Crew 
Weather  Conditions 
Site  Description 
Sample  Inventory 
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8.0  SAMPLE  CUSTODY 


8.1  DOCUMENTATION  AND  CHAIN  OF  CUSTODY 

A required  part  of  any  sampling  and  analytical  program  is  maintaining  the 
integrity  of  the  sample  from  collection  to  data  reporting.  This  includes 
the  ability  to  trace  the  possession  and  handling  of  samples  from  the  time 
of  collection,  through  analysis,  and  final  disposition.  This  documentation 
of  the  sample’s  history  is  referred  to  as  "chain  of  custody."  The 
components  of  the  chain  of  custody  (custody  seals,  a field  log  book, 
chain-of-custody  record,  sample  tags,  and  the  sample  identification  matrix) 
and  the  procedures  for  their  use  are  described  in  the  following  sections. 
Sample  custody  procedures  will  follow  EPA  contract  laboratory  guidance  and 
NEIC  procedures. 

A sample  is  considered  to  be  under  a person’s  custody  if  it  is: 

o In  a person’s  physical  possession 

o In  view  of  the  person  after  he  has  taken  possession 

o Secured  by  that  person  so  that  no  one  can  tamper  with  the  sample 

A person  who  has  samples  under  custody  must  comply  with  the  procedures 
described  in  the  following  sections. 


8.2  CHAIN-OF-CUSTODY  RECORD 

To  establish  the  documentation  necessary  to  trace  sample  possession  from 
the  time  of  collection,  a serialized  chain-of-custody  record  will  be  filled 
out  and  accompany  every  sample  (soil  and  water).  A chain-of-custody  record 
is  illustrated  in  Figure  8-1. 
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Figure  8-1.  Chai n-of-Custody  Record. 
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The  record  will  contain  the  following  minimum  information: 


o Station  location  (tied  to  a sampling  location) 
o Signature  of  collector(s) 

o Date  and  time  of  collection 
o Sample  tag  number 

o Project  name  and  number 

o Number  of  containers 

o Case  number 

o Name  of  shipper  (remarks) 

o Date  shipped  (remarks) 

o Air  Bill  Number  (remarks) 

o Signatures  of  people  involved  in  the  chain  of  possession 
o Inclusive  dates  and  times  of  possession 

In  order  to  maintain  chain-of-custody,  each  person  in  custody  of  the  sample 
will  sign,  date,  and  note  time  on  the  form  and  samples  will  not  be  left 
unattended  unless  placed  in  a secured  and  sealed  container  (custody  seals) 
with  the  chain-of-custody  record  inside  the  container. 


8.3  SAMPLE  TAGS 

Serialized  sample  tags  (Figure  8-2)  are  necessary  to  prevent 
misidentification  of  samples.  Tags  are  assigned  to  field  personnel  and  are 
in  their  possession  until  it  has  been  filled  out,  attached  to  a sample,  and 
transferred  to  the  person  corresponding  to  the  Chain-of-Custody  Record.  At 
no  time  are  tags  to  be  discarded  and  if  any  tags  are  lost,  voided,  or 
damaged,  it  will  be  noted  in  the  logbook.  A Document  Control  Officer  (DCO) 
is  accountable  for  all  serially  numbered  tags.  Tags  include  at  least  the 
following  information: 

o Station  location  (tied  to  a sampling  location) 
o Signature  of  collector(s) 

o Date  and  time  of  collection 
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Figure  8-2.  Sample  Tags. 
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Type  of  analysis  and  preservative 
o Project  code 

Tags  will  be  affixed  to  sample  containers  at  the  time  of  sampling.  The 
tags  will  be  filled  out  at  the  time  of  collection.  All  samples  will  be 
tagged. 


8.4  CUSTODY  SEALS 

Custody  seals  (Figure  8-3)  are  used  to  detect  unauthorized  tampering  of 
samples  following  sample  collection,  up  to  the  time  of  analysis.  Items 
such  as  gummed  paper  seals  and  custody  tape  may  be  used  for  this  purpose. 
The  seal  will  be  of  the  type  and  attached  so  that  it  must  be  broken  to  open 
the  sample  container.  Seals  will  be  affixed  to  each  sample  container 
(i.e.,  each  bottle)  before  the  samples  leave  the  custody  of  the  sampling 
personnel.  Shipping  containers  will  also  contain  seals  to  detect  possible 
tampering.  A seal  will  include  the  following  information: 

o Sampler’s  signature 

o Date  of  collection 

o Sample  tag  number 


8.5  FIELD  LOG  BOOK 

All  information  pertinent  to  the  field  activities  or  sampling  effort  will 
be  recorded  in  a log  book  or  equivalent  standardized  form.  Each  page/form 
will  be  consecutively  numbered.  All  entries  will  be  made  in  indelible  ink, 
weather  conditions  permitting,  and  all  corrections  will  consist  of  line-out 
deletions  that  are  initialed  and  dated.  As  a minimum,  entries  in  a log 
book  will  include  the  following: 

o Purpose  of  sampling  (groundwater,  and  soils) 

o Location  and  description  of  the  sampling  point 
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Figure  8-3.  Chain-of-Custody  Seal. 
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Details  of  the  sampling  site  (e.g.,  distance  from  a permanent 
feature) 

Documentation  of  procedures  for  preparation  of  reagents  or 
supplies  which  become  an  integral  part  of  the  sample 

Identification  of  sampling  crew  members 

Type  of  sample  (e.g.,  surface  water,  groundwater,  and  soils) 
Number  and  volume  of  sample  taken 

Sample  type  taken  (e.g.,  natural,  replicate,  blind  field 
standard,  blanks) 

Sampling  methodology 

Sample  preservation 

Date  and  time  of  collection 

Weather  conditions 

Collector’s  sample  identification  number(s) 

Sample  distribution  and  how  transported  [e.g.,  name  of  the 
laboratory  and  cartage  agent  (Federal  Express)] 

References  such  as  maps  of  the  sampling  site 

Any  field  measurements  made  (e.g.,  ambient  and  cooler 

temperature) 


- 33  - 


0 


Decontamination  procedures 


o Deviations  from  SOPs 

Sampling  situations  vary  widely.  No  general  rules  can  specify  the  extent 
of  information  that  must  be  entered  in  a log  book  or  standardized  form. 
However,  records  will  contain  sufficient  information  so  that  someone  can 
reconstruct  the  sampling  activity  without  relying  on  the  collector’s 
memory.  Further  detail  will  be  specified  in  the  FSPs.  The  log  book  and 
standardized  forms  will  be  kept  under  strict  chain  of  custody. 


8.6  SAMPLE  IDENTIFICATION  MATRIX 

The  Sample  Identification  Matrix  provides  an  excellent  means  of  tracking 
all  samples.  An  example  of  a Sample  Identification  Matrix  is  given  in 
Figure  8-4.  This  is  to  be  completed  in  the  field  in  conjunction  with  the 
sample  paperwork  in  accordance  with  FSPs.  As  a minimum,  entries  in  the 
Sample  Identification  Matrix  will  include  the  following: 

o Station  Location 

o Sample  Type 

o Sample  Code 

o Analysis  Code 

o SMO  Number 

o Sample  Tag  Number 

o Bottle  Size  and  Type 

o QC  Bottle  Lot  Number 

o Date/Time  Sampled 

o Preservation  Code 

o Samplers 

o Laboratory 

o Laboratory  Phone  Number 
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Figure  8-4.  Sample  Identification  Matrix. 
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o Chain-of-Custody  Number 

o Date  Shipped 

o Airbill  Number 


8.7  RAS  PACKING  LIST 

The  Sample  Analysis  Request  Sheet  used  in  this  investigation  is  an 
Inorganic  Traffic  Report  (ITR)  packing  list  (Figure  8-5).  It  is  used  to 
track  Routine  Analytical  Service  (RAS)  samples  for  the  CLP. 


8.8  SAMPLE  DELIVERY  TO  THE  LABORATORY 

The  sample  will  be  delivered  to  the  laboratory  for  analysis  in  time  to 
perform  requested  analyses  within  the  specified  allowable  holding  times 
(see  FSP  document).  The  sample  will  be  accompanied  by  the  chain-of-custody 
record  and  an  appropriate  sample  analysis  request  sheet.  The  sample  will 
be  delivered  to  the  person  in  the  laboratory  authorized  to  receive  samples 
(laboratory  sample  custodian).  The  laboratory  sample  custodian  signs  the 
Chain-of-Custody  Record  and  retains  custody  of  the  samples.  He/she  also 
inspects  the  condition  on  arrival  of  the  samples  and  notes  any  problems. 

Samples  will  be  shipped  with  the  identification  "Environmental  Samples." 
Samples  will  not  be  identified  as  hazardous  substances,  hazardous  waste,  or 
hazardous  materials.  No  special  DOT  identification  will  be  provided. 
Samples  will  be  shipped  in  watertight  coolers,  adequately  packed  to  avoid 
damage  under  normal  handling. 

8.9  LABORATORY  CUSTODY 

Laboratory  custody  will  conform  to  procedures  established  for  the  CLP. 
These  procedures  include: 

o Designation  of  a sample  custodian 
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Figure  8-5.  Example  of  Inorganic  Traffic  Report  Form. 


37  _ 


o Correct  completion  by  the  custodian  of  the  chain-of-custody 

record,  sample  tag,  and  laboratory  request  sheet;  including 

documentation  of  sample  condition  upon  receipt 

o Laboratory  sample  tracking  and  documentation  procedures 

o Secure  sample  storage  (of  the  appropriate  environment 

refrigerated,  dry,  etc.) 

o Proper  data  logging  and  documentation  procedures  including 

custody  of  all  original  laboratory  records 
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9.0  EQUIPMENT  OPERATION,  MAINTENANCE,  CALIBRATION,  AND  STANDARDIZATION 


All  field  equipment  used  during  this  project  will  be  operated,  maintained, 
calibrated  and  standardized  in  accordance  with  EPA  accepted  practices. 
Methods  and  frequencies  will  be  described  in  the  FSPs.  The  following 
equipment  will  be  used  in  the  field: 


o DO  meter  (for  determination  of  water  DO) 

o pH  meter  (for  determination  of  water  pH) 

o Conductivity  meter  (for  determination  of  specific  conductance 

(SC)  of  water) 

o Eh  meter  (for  determination  of  water  Eh) 

o Thermometer  (for  determination  of  water  temperature) 

o XRF  for  field  analysis  of  soils  metals 

Each  piece  of  field  equipment  will  have  a protocol  package  described  in 
detail  in  the  appropriate  FOP  document  that  contains: 

o Standard  operating  procedures 

o Routine  preventive  maintenance  procedures  including  a list  of 

critical  spare  parts  to  be  provided  or  available  in  the  field 

o Calibration  methods,  frequency,  and  description  of  calibration 
sol utions 

o Standardization  procedures  (traceability  to  known  standards) 
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Precision  and  accuracy  assessment  procedures 


The  above  information  will,  in  general,  conform  to  the  manufacturer’s 
recommended  procedures  or  will  explain  the  deviation  from  said  procedures. 

Laboratory  instrument  calibration  procedures  will  be  done  according  to 
methods  outlined  in  the  Statement  of  Work  for  Inorganics  Analysis  (SOW  No. 
787),  USEPA  Contract  Laboratory  Program. 
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10.0  ANALYTICAL  PROCEDURES 


Analytical  procedures  for  soil  and  water  total  metals  determinations  will 
follow  methods  and  techniques  contained  in  CIP-SOW  No.  787. 

Metals  parameters  and  contract  required  detection  limits  are  contained  in 
CLP-SOW  NO.  787  and  in  Table  3.2.  Grain  size  determinations  will  follow 
procedures  outlined  in  standard  ASTM  Method  D 422-63  (ASTM,  1986). 
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11.0  DATA  VALIDATION,  REDUCTION,  AND  REPORTING 


Reduction  of  laboratory  measurements  and  laboratory  reporting  of  analytical 
parameters  will  be  in  accordance  with  the  procedures  specified  for  each 
analytical  method  (e.g.,  perform  laboratory  calculations  in  accordance  with 
the  method  specific  procedure).  Any  deviations  from  the  analytical  method 
will  be  delineated  in  the  QA/QC  summary  document.  Any  special  reporting 
requirements  (for  example,  reporting  concentrations  in  soil  on  a dry  or  wet 
weight  basis)  will  also  be  delineated  in  the  QA/QC  summary  document. 
Analytical  parameters  will  be  reported  in  units  generally  accepted  within 
the  industry. 

Data  verification  entails  a review  of  the  QC  data  and  the  raw  data  to 
verify  that  the  laboratory  was  operating  within  required  control  limits, 
the  analytical  results  are  correctly  transcribed  from  the  instrument  read 
outs,  and  which,  if  any,  natural  samples  are  related  to  any  out-of-control 
QC  samples.  The  objective  of  the  data  validation  is  to  identify  any 
unreliable  or  invalid  laboratory  measurements. 

Upon  receipt  of  the  laboratory  data,  the  following  contract  compliance 
screening  validation,  reduction,  and  reporting  scheme  will  be  executed: 

1.  Contract  compliance  screening  represents  the  first  level  of  data 
validation  and  reduction.  This  screening  is  stipulated  by  EPA 
and  its  purpose  is  twofold: 

o Evaluate  whether  contract  performance  requirements  were  met 
by  the  laboratory  in  analyzing  the  submitted  samples. 

o Determine  if  specific  natural  samples  were  associated  with 
certain  out-of-control  analytical  situations  and  to  identify 
these  specific  samples. 


- 42 


Data  reviewers  will  evaluate  each  data  package  as  received  from 
the  laboratory.  Specific  guidelines  and  contract  screening  forms 
have  been  established  by  EPA,  Region  VIII.  The  guidelines  are 
found  in  a document  entitled  Laboratory  Data  Validation: 
Functional  Guidelines  for  Evaluating  Inorganics  Analysis  (EPA,  no 
date).  Contract  compliance  screening  forms  are  provided  by 
Deanna  Peterson,  CLP/Deputy  Project  Officer  - EPA,  Region  VIII. 

Each  data  package  is  reviewed  using  the  guidelines  and  screening 
forms.  The  major  requirements  for  data  review  and  contract 
compliance  are:  sample  holding  times,  instrumentation 

calibration,  review  of  calibration  and  preparation  blanks,  ICP 
interference  checks,  laboratory  control  samples,  specific  sample 
results,  and  graphite  furnace  atomic  absorption  QC  analysis, 
field  and  other  QC  sample  results.  Results  of  these  contract 
compliance  screening,  with  a narrative  of  findings  are  then  sent 
to  the  Project  Manager  (David  Bunte).  Resolution  of  conflicts 
regarding  contract  compliance  is  then  handled  between  the  Project 
Manager  and  the  contract  laboratory.  Requests  for  reanalysis  can 
be  made  at  this  point. 

2.  Measurement  data  will  then  be  reduced  and  validated  in  accordance 
with  the  procedures  described  in  Appendix  C.  These  procedures 
consist  of: 

A.  Representativeness 

1)  Comparison  of  actual  sampling  procedures  to  those 
delineated  in  the  FSPs  and  other  criteria  necessary  to 
ensure  representativeness 

2)  Examination  of  the  results  of  QC  blanks  for  external 
sample  contamination;  external  contamination  will  be 
cause  for  invalidation 
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3)  Invalidating  non-representative  data  or  identifying 
data  to  be  classified  as  questionable;  only 
representative  data  will  be  used  in  subsequent  data 
reduction  and  validation  activities 

B.  Accuracy 

1)  Computing  percent  recoveries  for  blind  field  standards 
and  spiked  samples 

2)  Calculating  the  standard  deviation  in  the  overall 
average  recovery  value 

3)  Applying  Chauvenet’s  criterion  for  detecting 
statistical  outlyers  for  recovery  data 

4)  Determining  the  range  of  uncertainty  at  a given  level 
of  confidence  (90%) 

C.  Precision 

1)  Examining  replicate  samples  for  scatter 

2)  Determining  if  sampling  error  has  occurred  by  comparing 
scatter 

3)  Validating  data  on  groups  of  samples  that  should  all 
have  the  same  composition  by  examining  the  scatter  in 
each  group  in  comparison  to  the  overall  scatter 
(invalid  data  are  flagged) 

4)  Computing  an  overall  relative  standard  deviation  that 
is  applicable  to  all  the  field  investigation  data  from 
a particular  sampling  campaign 
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D.  Completeness 

1)  Computing  the  fraction  of  measurement  data  that 

remained  valid  after  flagging  any  invalid  data  due  to 
physical,  accuracy,  or  precision  reasons  (to  be 
computed  as  a percentage  of  total  planned  and  total 
collected  samples) 

E.  Comparability 

1)  Identifying  pertinent  data  characteristics  which  may 
limit  comparability  to  other  data  sets 

No  field  reduction  or  validation  will  be  performed  without  established 
written  protocols.  Where  field  reduction  and  validation  is  to  be 
performed,  written  protocols  will  be  provided  in  the  FSPs. 
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12.0  DATA  BASE  MANAGEMENT  SYSTEMS  (DBMS)  QUALITY  ASSURANCE 


Soil/water  data  generated  from  the  project  will  be  entered  into  a DBMS 
after  data  validation.  It  will  use  existing  DBMS  software  common  to  all 
Clark  Fork  River  Basin  Studies.  QA/QC  protocols  will  be  developed 
outlining  data  entry/verification,  test  program(s)  and  data  security.  This 
system  will : 

o Execute  data  entry  verification. 

o Produce  data  summary  tables  in  a variety  of  useful  formats. 

o Produce  graphical  data  summaries  (figures)  in  a variety  of  useful 

formats. 

o Calculate  basic  statistical  parameters  (mean,  median,  variance, 

etc.)  for  complete  data  sets  and  subsets. 

o Sort  data  into  various  subsets  (e.g.,  data  that  exceed  or  do  not 

exceed  a candidate  hazard  criterion). 

o Create  input  files  that  are  directly  usable  in  other  computer 

programs  (kriging,  linear  regressions,  etc.) 

These  data  will  then  be  included  in  the  report. 
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13.0  QUALITY  CONTROL  SAMPLES 


Quality  control  samples  for  these  investigations  will  include: 

1.  Blind  field  bottle  blanks,  unaltered;  minimum  of  one  for  each 
bottle  lot 

2.  Blind  field  cross-contamination  blanks  consisting  of  rinsate  DI 
water  samples  of  decontaminated  sample-handling  equipment; 
frequency  to  be  specified  in  the  FSP 

3.  Blind  field  replicates  (duplicates,  splits,  pairs)  as  calculated 
in  the  FSP  to  meet  the  quality  assurance  objectives;  minimum  of 
one  for  each  20  samples  taken 

4.  Blind  field  standards  (obtained  from  NBS  and  EPA  and  inserted 
unaltered  in  the  field);  minimum  of  one  for  each  20  samples  taken 

Details  of  field  QC  samples  will  be  specified  in  the  FSP.  In  addition, 
laboratory  QC  samples  will  be  included  as  specified  in  SOW  No.  787  in 
accordance  with  standard  CLP  protocols.  See  Table  13-1  for  a summary  of 
analytical  parameters  and  quality  control  samples. 
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14.0  AUDIT  PROCEDURES 


Internal  audits  will  be  the  responsibility  of  CH2M  MILL’S  QAM  and  will  be 
performed  on  a routine  basis.  These  audits  will  be  scheduled  with  the  RPM 
and  generally  will  remain  unannounced  to  CH2M  HILL,  and  their 
subcontractors.  System,  evidence,  and  performance  audits  will  be  conducted 
on  a routine  basis  with  the  frequency  increased  if  problems  are  discovered. 

Audits  will  be  performed  by  CH2M  HILL’s  QAM,  the  RPM,  and  selected 
technical  support  staff.  Subsequent  to  the  audit,  CH2M  HILL’s  QAM  will 
develop  an  audit  report  that  summarizes  those  areas  requiring  corrective 
measures  (if  any)  and  the  proposed  corrective  measures.  This  report  will 
be  submitted  to  the  RPM  and  resolution  of  final  action  will  be  as  described 
in  this  QAPP  under  Section,  Project  Organization  and  Responsibility. 

External  audits  will  be  performed  by  EPA  at  the  discretion  of  the  RPM. 
These  audits  may  or  may  not  be  conducted  with  advance  warning  to  CH2M  HILL. 
The  RPM  and  EPA’s  QAO  will  develop  a general  frequency,  time  frame,  and 
checklist  for  external  auditing.  These  audits  may  be  supported  by  EPA’s 
Environmental  Monitoring  Systems  Laboratory  in  Las  Vegas,  Nevada,  EPA’s 
Environmental  Monitoring  Support  Laboratory  in  Cincinnati,  Ohio,  and/or  the 
National  Enforcement  Investigations  Center  in  Denver,  Colorado.  External 
audit  reports,  including  recommended  corrective  action,  will  be  the 
responsibility  of  EPA. 
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15.0  PREVENTIVE  MAINTENANCE 


Preventative  maintenance  requirements  are  described  in  this  QAPP 
Section  9.0,  Equipment  Operation,  Maintenance,  Calibration, 
Standardization.  Extra  probes  and  readouts  will  be  provided  for  the 
measurements  of  pH,  Eh,  SC,  and  temperature. 


under 

and 

field 
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16.0  DATA  ASSESSMENT  PROCEDURES 


Analytical  data  will  be  assessed  at  a minimum  according  to  the  EPA  Contract 
Laboratory  Program  Statement  of  Work  for  Inorganics  Analysis  (SOW  No.  787). 
Assessment  of  analytical  procedures  not  included  in  the  CLP  will  be  at  a 
level  at  least  equivalent  to  EPA  accepted  practices. 

Quality  assurance  data  also  will  be  assessed  according  to  procedures 
discussed  in  this  QAPP  under  Section,  Data  Reduction,  Validation,  and 
Reporting. 

It  is  not  within  the  scope  of  this  QAPP  to  predetermine  the  correct  data 
interpretation  or  assessment  procedures  after  the  basic  data  is  reduced  and 
validated.  Appropriate  techniques  and  treatment  of  outlyers  must  be 
addressed  on  a case-by-case  basis. 


17.0  CORRECTIVE  ACTION  PROCEDURES 


Under  previous  Section  4.0,  Project  Organization  and  Responsibility,  of 
this  QAPP,  responsibility  and  procedures  for  identifying  corrective  actions 
were  delineated.  In  all  cases,  corrective  action  procedures  will  be 
acceptable  to  EPA.  In  cases  where  corrective  action  agreement  is  not 
reached  between  the  RPM  and  CH2M  HILL’S  SPM,  EPA  will  direct,  in  writing, 
its  final  decision  on  corrective  action. 

Throughout  this  QAPP,  various  control  limits  have  been  specified  that,  if 
exceeded,  require  corrective  action.  These  limits  include  target  levels 
for  precision,  accuracy,  and  completeness,  minimum  QC  sample  types  and 
frequencies,  and  criteria  for  representativeness  and  comparability.  The 
need  for  corrective  action  may  also  result  from  performance,  system,  and 
evidence  audits.  EPA  will  be  notified  immediately  if  data  do  not  meet  the 
QA  objectives. 

Corrective  action  procedures  that  might  be  implemented  from  audit  results 
or  detection  of  unacceptable  data  are  developed  on  a case-by-case  basis. 
Such  actions  may  include  altering  procedures  in  the  field,  resampling 
and/or  retesting,  using  a different  batch  of  containers,  or  recommending  an 
audit  of  laboratory  procedures.  CH2M  HILL’s  SPM  is  responsible  for 
initiating  the  corrective  action.  Laboratory  corrective  action  procedures 
and  responsibility  are  described  in  SOW  No.  787. 
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18.0  QUALITY  ASSURANCE  REPORTS 


The  draft  and  final  report  will  include  a separate  QA  section  which  details 
the  performance  of  measurement  systems  and  data  quality.  The  results  of 
performance  audits,  system  audits  and  significant  QA  problems  encountered 
will  be  described.  Due  to  the  short  duration  of  the  planned  field  work,  no 
interim  quality  assurance  reports  will  be  prepared  as  the  data  is 
collected. 
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APPENDIX  B 


Procedures  For  Calculating  Accuracy  And  Precision 


- -a. 


METHODS  FOR  ESTABLISHING  ACCURACY  AND  PRECISION  TARGETS 
FOR  SAMPLING  AND  LABORATORY  PROGRAMS 


Methods  for  ensuring  quality  laboratory  data  cannot  be  fully 
determined  before  sampling  and  analysis.  However,  accuracy 
and  precision  targets  can  be  established  as  part  of  the  QA 
Project  Plan.  Methods  for  ensuring  completeness,  represen- 
tativeness, and  comparability  can  then  be  derived  from  ac- 
curacy and  precision  targets. 

The  adequacy  of  sampling  and  laboratory  test  programs  should 
not  be  judged  against  the  targets  established  during  prepro- 
gram sampling.  Targets  are  established  as  a general  guide- 
line for  quality  assurance.  Quantitative ■ targets  for  ac- 
curacy and  precision  must  be  established  with  the  knowledge 
that  such  targets  are  optimistic  estimates  and  will  be  gen- 
erally unattainable  because  they  are  based  on  data  from  syn- 
thetic samples.  Real-world  samples  are  likely  to  be  less 
accurate  and/or  precise  because  they  may  possess  a high  ionic 
background,  have  interfering  constituents,  or  be  subject  to 
pre-analysis  handling  errors  during  the  preconcentration, 
interference  removal,  solids  separation,  and  dilution  steps. 

The  following  techniques  for  establishing  precision  and  ac- 
curacy should  be  implemented  only  after  considering  how  this 
information  will  be  used  to  advance  the  project  objectives. 

To  ensure  that  useful  quality  control  information  is  produced, 
careful  planning,  preparation  and  field  team  training  are 
necessary.  The  potential  benefits  of  establishing  data  ac- 
curacy and  precision  should  be  weighed  against  the  inconveni- 
ence and  risk  attendant  in  manipulating  samples  in  a field 
environment  and  the  increased  cost  before  incorporating  this 
statistical  validation  program  into  a project  plan. 


ACCURACY 


Accuracy  is  a measure  of  the  agreement  of  a reported  chemi- 
cal test  result  with  the  true  concentration  in  the  sample. 
Direct  knowledge  of  the  true  concentration  of  a constituent 
in  a legitimate  field  sample  is  not  available  independently 
of  sample  analysis  (with  its  intrinsic  uncertainty) . Indi- 
rect knowledge  is  possible,  however,  if  a field  sample  is 
split  into  two  parts  and  one  is  spiked  with  a known  amount 
of  the  constituent  of  interest. 


Accuracy  of  analysis  can  be  inferred  from  the  recovery  as 
determined  by  sample  spiking: 


Recovery 


^ X 100 


[1 


where  AC  is  the  concentration  increase  due  re  spiking 
(relative  to  the  unspiked  concentration) 

is  the  known  concentration  increase  in 
the  spike 

For  perfect  accuracy,  the  recovery  would  be  100  percent; 
whereas  a bias  (such  as  from  analytical  error)  would  offset 
the  recovery  from  an  exact  value  of  100  percent. 

Knowledge  of  a test's  accuracy  is  useful  in  two  ways: 

o To  evaluate  or  select  from  alternative  chemical 
analysis  procedures 

o To  determine  whether  corrective  adjustments  to 
laboratory  test  results  should  be  made 

Two  pieces  of  information  are  required  to  estimate  how  many 
samples  should  be  split  and  spiked  to  ensure  accuracy  within 
an  expected  range  for  a particular  level  of  confidence  (the 
average  recovery  lies  within  the  specified  range) : 

o The  standard  deviation  that  would  be  found  in  mul- 
tiple determinations  of  accuracy  (recovery) 

o A relationship  that  shows  how  the  uncertainty  in 

tile  accuracy  (recovery)  decreases  as  the  number  cf 
sample  splitting  and  spiking  events  increases 

Although  the  standard  deviation  of  the  accuracy  (recovery) 
cannot  be  known  for  actual  sample  collecticn  and  analysis 
activities  at  a particular  location,  a set  of  optimistic 
standard  deviations  in  the  recovery  has  been  compiled  from 
the  EPA  analytical  procedures,  Table  D-l.  These  standard 
deviations  are  very  optimistic  because  they  are  usually  based 
on  synthetic  samples  and  'because  only  a small  number  cf  rep- 
lications were  used  in  many  instances. 

The  relationship  between  the  uncertainty  in  the  accuracy  and 
the  number  of  samples  split  and  spiked  is  as  follows: 

±R  = ±ta/ Vn  = ±Cj  [2] 

where  R is  the  range  of  uncertainty  at  a given  confidence;  t 
is  the  value  of  the  t distribution  from  Table  E-2  for  the 
selected  (or  required)  confidence  level  (usually  the  90  per- 
cent confidence  level)  and  [n-1]  degrees  of  freedom;  C is 
the  "range  coefficient"  ( t / n) ; n is  the  number  of  samples 
that  have  been  split  and  spiked;  and  a is  the  standard  de- 
viation (the  actual  standard  deviation  fer  a representative 
set  of  samples,  if  known,  or  the  optimistic  standard  devia- 
tion from  Table  D-l,  if  not  otherwise  known). 
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REPORTED  ACCURACY , PRECISION,  AND  OPTIMUM  CONCENTRATION  RANGES  UNDER  IDEAL  CONDITIONS 
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Example : 

Problem.  A site  is  under  investigation  to  determine  one 
extent  of  mercury  contamination  in  the  soil.  Soil  contain- 
ing over  1 microcram  of  mercury  per  gram  of  soil  must  ce 
removed  and  the  lab  results  should  noo  contain  seme  unde- 
tected bias  that  would  give  erroneously  low  mercury  values. 
How  many  samples  must  be  split  and  spiked  to  establish  the 
recovery  within  ±1  percent  uncertainty? 

Solution . Table  D-l  shews  the  standard  deviation  for  accu- 
racy measurements  (recoveries)  for  mercury  in  sediment  is 
±2.12  percent.  Because  the  desired  uncertainty  is  ±1  per- 
cent (R  in  equation  2) , the  range  coefficient  (C)  is  I per- 
cent/2.12 percent  = 0.4717.  By  locating  the  desired  range 
coefficient  on  the  vertical  axis  in  Figure  D-l,  reading 
across  the  graph  to  the  point  where  a horizontal  line  ex- 
tended from  the  range  coefficient  cresses  the  90  percent 
(confidence  level)  curve,  and  then  dropping  vertically  down 
from  the  point  of  intersection,  it  is  seen  that  a minimum  of 
about  14  samples  should  be  split  and  spiked.  (If  ±2  percent: 
uncertainty  were  adequate,  then  only  five  splits  and  spikes 
would  be  necessary.) 

Splitting  samples  into  two  portions  and  spiking  one  portion 
with  a known  amount  of  a constituent  must  be  done  in  the 
field  before  submitting  the  samples  to  a testing  laboratory 
(rather  than  being  done  in  the  laboratory) . Spiking  by  the 
field  investigation  team  eliminates  inadvertent  bias  that 
might  be  introduced  by  lab  personnel  through  special  handling 
or  care  in  the  analysis. 

The  splitting  of  samples  for  accuracy  determination  may  occur 
either  with  or  without  foreknowledge  of  the  approximate  con- 
centrations of  constituents-of-ccncern  in  the  field  samples 
to  be  taken.  But,  because  samples  near  the  low  concentration 
end  and  near  the  high  concentration  end  of  the  range  of  in- 
terest should  be  spiked,  it  is  better  to  obtain  information 
on  pollutant  concentrations  at  a site  before  starting  a major 
sampling  program. 

If  prior  knowledge  about  site  contaminant  concentrations 
exists , the  following  split-and-spike  strategy  is  recom- 
mended: For  successive  split  pairs,  spike  one  split  portion 

of  each  sample  with  ten  times  the  concentration  of  the  pre- 
ceding spike,  beginning  with  a minimum  concentration  of 
50  percent  of  the  minimum  level  of  environmental  concern  and 
extending  to  a concentration  five  times  the  highest  observed 
concentration  (based  on  prior  knowledge  of  the  site) . 

Using  this  strategy,  the  required  number  of  spikes  is  ap- 
proximately twice  the  number  estimated  by  the  methods  previ- 
ously described.  As  an  alternative  to  this  strategy,  the 
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Figure  D- 1 

Relationship  Between  the  Number  of  Samoles  and 
the  Range  Coefficient  for  Selected  Confidence  Levels 


delayed  spike  strategy  (second  approach  discussed  in  the 
following  "no  prior  knowledge"  section)  nay  be  adopted  with 
its  attendant  constraints. 

When  no  prior  knowledge  is  available  about  pollutant  con- 
centrations at  a site,  two  split- and- spike  strategies  are 
proposed,  depending  on  schedule  and  budget  constraints: 

o Tine  constraint;  budget  available.  For  successive 
sanpie  splits,  spike  one  portion  of  each  sample 
with  ten  tines  the  concentration ~of  the  preceding 
spike,  beginning  with  a nininun  concentration  of 
’ 50  percent  of  the  nininun  level  of  environmental 
concern  and  extending  to  a concentration  four  or- 
ders of  magnitude  above  the  lowest  level  spike. 

o Budcet  constraint;  tine  available.  Split  the  recti 
site  number  of  samples  but  defer  spikes  until  labor 
atcry  analyses  of  the  unspiked  portions  have  been 
performed  and  reported.  Then  spike  the  corres- 
ponding half  of  each  split  pair,  adjusting  the 
spike  additions  so  that  about  one-third  of  the 
sample's  original  concentrations  are  increased*  by 
±10  percent,  one- third  are  approximately  doubled, 
and  one-third  are  increased  five  tines. 

For  the  first  of  these  two  strategies,  three  tines  the  number 
of  spikes  as  would  be  called  for  with  the  previously  des- 
cribed graphical  method  should  be  prepared.  These  extra 
spikes  are  necessary  because  seme  of  the  spikes  will  be  at 
concentrations  below  limits  of  resolution  in  the  presence  of 
large  quantities  of  the  constituent  of  interest  and  because 
the  actual  number  of  spikes  required  to  obtain  the  prese- 
lected uncertainty  at  the  prescribed  confidence  limits  will 
always  exceed  the  number  predicted  from  the  idealized  labora- 
tory determinations  of  accuracy. 

For  the  second  strategy,  the  actual  number  of  spikes  should 
be  at  least  1-1/2  times  the  "idealized"  number  to  provide 
for  real  world  conditions  and  as  an  allowance  for  sample 
mishandling,  loss,  spikes  .that  fall  into  the  "noise  level" 
of  the  sample  composition  or  damage  in  transit.  However, 
this  strategy  suffers  from  three  constraints: 

o Under  the  present  CLP  structure,  there  is  no  as- 
surance that  the  spiked  samples  will  be  submitted 
to  the  same  laboratory  as  were  the  initial  unspiked 
portions  when  large  numbers  of  samples  are  taken 
over  a potracted  period. 

o Analytical  errors  committed  on  either  batch  of 

samples  (spiked  cr  unspiked)  may  not  be  committed 
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on  the  ether  batch, 
pairs  incomparable. 


rendering  the  spiked 


spiked 


o Testing  laboratories  may  introduce  bias  by  dis- 
cerning the  true  purpose  of  the  spiked  samples 
from  an  investigation  site. 

While  this  strategy  may  seem  attractive  on  initial  consider- 
ation, its  use  should  be  tempered  with  an  examination  of  the 
effects  of  each  constraint.  A modification  of  this  strategy 
may  be  used  in  seme  cases  to  reduce  the  total  number  of  sam- 
ples requiring  analysis.  It  involves  spiking  both  portions 
of  a split  sample,  each  with  a different  concentration  of 
constituent.  One  dosage  should  be  10  to  1,000  times  larger 
than  that  of  the  other  portion. 

PRECISION 

Precision  is  a measure  of  the  scatter  in  repetitious  deter- 
minations of  a parameter.  In  a field  sampling  and  analysis 
program,  scatter  in  data  can  originate  with  either  or  both 
of  two  activities — sampling  and  chemical  analysis. 

To  determine  whether  scatter  is  due  to  sampling  or  to  chem- 
ical testing,  pairs  of  samples  are  collected  from  the  same 
sampling  .location  and  one  of  the  samples  is  homogenized  and 
split  into  two  portions.*  Scatter  attributable  to  chemical 
testing  is  detected  by  observing  the  discrepancies  between 
the  two  portions  of  the  split  samples.  Scatter  due  to  sam- 
pling errors  is  detected  by  locking  for  any  greater  scatter 
in  independent  paired  samples  than  is  found  in  the  two  por- 
tions of  the  split  sample. 

If,  during  systematic  reduction  of  laboratory  data,  signifi- 
cant sampling  error  is  detected,  data  from  that  sampling 
event  may  become  suspect  and  the  Project  Manager  should  in- 
vestigate the  cause  of  the  error. - 


If,  on  the  other  hand,  the  scatter  is  - attributable  to  chem- 
ical testing,  the  data  clusters  (consisting  of  a pair  of 
samples  and  the  split  portions  of  at  least  one  member  of  the 
pair)  are  treated  as  repetitious  analyses  of  a sample  from 


It  usually  is  convenient  to ’split  both  members  of  a 
sample  pair,  and  spike  one  of  the  split  portions  for  a 
total  of  four  submittals  to  the  laboratory  from  each  loca- 
tion that  is  sampled  for  QA  purposes.  This  provides  maxi- 
mum efficiency  in  the  use  of  samples  for  determining  accu- 
racy and  precision  during  a sampling  event.  Moreover,  if 
the  required  number  of  spikes  is  less  than  the  required 
number  of  pairs-and-splits , a better  measure  of  the  preci- 
sion can  be  obtained  by  splitting  booh  members  of  the  parrs 
that  do  net  require  spikes  and  analyzing  all  four  portions . 
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Procedures  for  calculating  accuracy. 


1.  From  the  summarized  information  on  the  accuracy  form 

(Appendix  6.5)  the  percent  recovery  of  the  blind  field  (farrhjl) 
standard  (Form  I)  and  the  recovery  of  each  spiked  pair^were 
calculated  separately  as: 

^Recovery  of  BFS  = VA  x 100;  or  iRecovery  of  Spike  = SSR-SR  x 100 

VK  SA 


2. 


Where : 

VA  - analyticla  value  of  BFS 
VK  = known  (or  certified)  value  of  BFS 
S SR  = spiked  sample  results 
SR  = sample  results 
SA  = spike  added 

Perfect  accuracy  would  be  100  percent  recovery 
Calculate  the  standard  deviation  of  all  pairs. 


SD  = 


i 


(Recoveryi  - Recovery^ 
n-1 


1 1/2 


m- 


) 


where  recovery^  was  the  individual  recoveries,  recoveryaVg# 
was  the  average  recovery,  and  n was  the  number  of  values. 

3.  To  validate  recovery  data,  the  individual  recoveries  were 

compared  with  the  average  recovery  value  to  identify  individ- 
ual values  that  lie  outside  the  range  or  reasonableness. 
Chauvenet's  criterion  was  used  to  identify  individual 
recovery  values  that  lie  outside  this  range. 


To  use  Chauvenet's  cr 
computed  for  recovery 
outside  the  range  of 

* 

Screening  Variable 


iterion,  the  sere 
values  that  were 
reasonableness. 

= (Recovery^  - 


ening  variable  was 
suspected  of  lying 

Recoveryavg . ) /SD 


The  ealeu 
maximum  a 
number  of 
value  was 
if  the  ca 
maximum  a 


lated  screening  variable  was  then  compared  to  the 
llowable  walue  (Table  C-l)  for  the  appropriate 
recovery  determinations.  The  suspect  recovery 
set  aside  (set  aside  values  are  called  "outliers") 
lculated  screening  variable  equals  or  exceeds  the 
llowable  value. 


If  outliers  were  identified  using  Chauvenet's  criterion,  a 
new  average  recovery  and  a new  standard  deviation  were 
recalculated  using  the  remaining  "good"  values,  and 
Chauvenet's  criterion  was  reapplied.  This  procedure  was 
repeated  until  all  surviving  recovery  values  pass  Chauvenet's 
criterion.  (Usually  one  application  and  one  recalculation 
were  enough.)  The  final  average  recovery  and  final  standard 
deviation  were  calculated  from  the  "surviving"  recovery 


used  to 


values.  The  f i nal . average  recovery  value  was 
eliminate  any  bias  from  the  laboratory  data. 

4.  The  range  of  uncertainty  (R)  in  the  recovery  was  then 
calculated . 

+ R = + tSD/  (n)  1-/2 

where : 


R 

was 

per 

the 

cent 

range  of 

uncertainty  expressed  as  a 

t 

was 

sel 

deg 

the 

ected 

rees 

value  of  the  t distribution  for  the 
confidence  level  (90  percent)  and  (n 
of  freedom  (Table  C-2) 

n 

was 

the 

number  of 

samples 

SD 

was 

the 

standard 

deviation . 

The  range  of  uncertainty,  was 
average  recovery  to  determine 

used  in  conjunction  with  the 
if  bias  adjustments  were 

requ i red . 

5.  Together,  the  final  average  recovery  value  and  the  corre- 
sponding range  of  uncertainty  constituted  the  statement  of 
accuracy  for  a particular  sampling  program. 

6.  The  completeness  of  accuracy  data  was  that  percentage  of  the 
total  number  of  samples  that  remained  after  outliers  were 
identified  and  set  aside  with  Chauvenet's  criterion. 


V 


Chauvenet's  Criterion.- 


CHAUVENET'S  CRITERION 
FOR  REJECTING  A SUSPECTED  VALUE9 

Maximum  Allowable  Values  for 

Number  of  Samples  (Recovery^  - RecoveryaVg)  /ob 

n 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
40 


1.901 

1.983 

2.015 

2.111 

2.164 

2.195 

2.214 

2.228 

2.279 

2.318 

2.348 

2.373 

2.393 

2.409 

2.424 

2.435 

2.445 

2.454 

2.462 

2.469 

2.475 

2.480 

2.485 

2.502 

2.517 

2.530 

2.543 

2.555 

2.634 


aBased  on  "t"  distribution  rather  than  the  traditional  "normal" 
distribution. 

^Individual  Recovery  = Recovery^ 

Average  Recovery  = RecoveryaVg 


Procedure  for  calculating  precision. 


From  the  summarized  information  on  the  Precision  Report  Forms 
(Appendix  6.5)  the  relative  standard  deviation  (RSD)  of  each 
replicate  pair  was  calculated. 


RSDggQj-j  pair  ~ SD/Mean 
Calculate  the  RSD  for  all  the  pairs. 


RSD0verall  ~ 


^n  RSDeach  ^ 


1/2 


^i-1  n-lpa^rs 

Calculate  precision  as  a percent. 

tn“lpairs  x RDSoveran 

Precision  (%)  = — — - x 100 

(d . f . n- Ipa i r s ) 

t for  the  90  percent  probability  level  (Appendix 

Calculate  the  maximum  expected  uncertainty  for  any 
individual  chemical  test  results. 


C-2 ) 


x +_  xtSDovera]_  ]_/ (d  . f . n-lpai  rs ) 

x is  the  reported  chemical  test  result 
t is  the  value  of  the  t distribution  at  the  90 
percent  probability  level. 


where : 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

41 

61 

121 


DISTRIBUTION  OF  t 


Degrees 

of 

Freedom 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

40 

60 

120 


"Come 

dementar 

v"  Probability 

(as  percent) 

9 9 

5_0_ 

21 

80 

90 

O 

1.000 

.816 

.765 

.741 

.727 

1.963 

1.386 

1.250 

1.190 

1.156 

3.078 

1.886 

1.638 

1.533 

1.476 

6.314 

2.920 

2.353 

2.132 

2.015 

12.706 

4.303 

3.182 

2.776 

2.571 

31.821  i 
6.965 
4.541 
3.747 
3.365 

53.657 

9.925 

5.841 

4.604 

4.032 

.718 

.711 

.706 

.703 

.700 

1.134 

1.119 

1.108 

1.100 

1.093 

1.440 

1.415 

1.397 

1.383 

1.372 

1.943 

1.895 

1.860 

1.833 

1.812 

2.447 

3.265 

2.306 

2.262 

2.228 

3.143 
2 .998 
2.896 
2.821 
2.764 

3.707 

3.499 

3.355 

3.250 

3.169 

.697 

.695 

.694 

.692 

.691 

1.088 

1.083 

1.079 

1.076 

1.074 

1.363 

1.356 

1.350 

1.345 

1.341 

1.796 

1.782 

1.771 

1.761 

1.753 

2.201 

2.179 

2.160 

2.145 

2.131 

2.718 

2.681 

2.650 

2.624 

2.602 

3.106 

3.055 

3.012 

2.977 

2.947 

.690 

.689 

.688 

.688 

.687 

1.071 
1.069 
1.067 
1.066 
1 . 064 

1.337 

1.333 

1.330 

1.328 

1.325 

1.746 

1.740 

1.734 

1.729 

1.725 

2.120 

2.110 

2.101 

2.093 

2.086 

2.583 

2.567 

2.552 

2.539 

2.528 

2.921 

2.898 

2.878 

2.861 

2.845 

.686 

.686 

.685 

.685 

.684 

1.063 

1.061 

1.060 

1.059 

1.058 

1.323 

1.321 

1.319 

1.318 

1.316 

1.721 

1.717 

1.714 

1.711 

1.708 

2.080 

2.074 

2.069 

2.064 

2.060 

2.518 

2.508 

2.500 

2.492 

2.485 

2.831 

2.819 

2.807 

2.797 

2.787 

.684 

.684 

.683 

.683 

.683 

1.058 
1.057 
1.056 
1.055 
v 1.055 

1.315 

1.314 

1.313 

1.311 

1.310 

1.706 

1.703 

1.701 

1.699 

1.697 

2.056 

2.052 

2.048 

2.045 

2.042 

2.479 

2.473 

2.467 

2.462 

2.457 

2.779 

2.771 

2.763 

2.756 

2.750 

.681 

.679 

.677 

.674 

1.050 

1.046 

1.041 

1.036 

1.303 

1.296 

1.289 

1.282 

1.684 

1.671 

1.658 

1.645 

2.021 

2.000 

1.980 

1.960 

2.432 

2.390 

2.358 

2.326 

2.704 

2.660 

2.617 

2.576 

